Several novel strategies using engineered receptors activated by synthetic ligands or by light have recently ushered in a new era of brain research that allows for precise experimental manipulation of neuronal activity. These techniques are now being used to probe the involvement of discrete brain circuits in complex behaviors.
One such approach uses designer receptors exclusively activated by designer drugs (DREADDs) to modulate cellular functions (Rogan and Roth, 2011) . This family of evolved muscarinic receptors has been shown to increase (G s -DREADD; G q -DREADD) or decrease (G i/o -DREADD) cellular activity following administration of an otherwise inert synthetic ligand, clozapine-n-oxide (Armbruster et al, 2007) . When packaged into viral vectors or expressed in transgenic mouse models, these tools allow cellular activity to be controlled in a defined spatial and temporal manner. For example, activation of hippocampal neurons by G q -DREADD receptors amplifies g-rhythms and increases locomotor activity and stereotypy in mice (Alexander et al, 2009 ). Activity of non-neuronal cells can also be controlled by DREADD receptors, as expression and activation of either G s -DREADD or G q -DREADD receptors in pancreatic b-cells increases insulin release, and repeated activation of these receptors leads to b-cell hypertrophy (Guettier et al, 2009) .
We have been using DREADD receptor technology in a cell-specific manner to unravel the role of striatal circuits in neuropsychiatric disorders, such as drug addiction and obsessive-compulsive disorder. We developed viral vectors that use neuropeptide promoters (dynorphin or enkephalin) to target DREADD receptor expression to specific cell populations in the striatum (striatonigral versus striatopallidal neurons, respectively). We found that transiently decreasing activity of striatopallidal neurons in rats during repeated amphetamine exposure facilitated the development of behavioral sensitization, whereas disrupting activity of striatonigral neurons impaired the persistence of this phenomenon (Ferguson et al, 2011) . Thus, these findings clearly demonstrate that striatonigral and striatopallidal neurons have critical, yet opposing, roles in the regulation of drug experience-dependent behavioral plasticity.
More recently, we have examined the role of striatonigral neurons in a simple operant learning task. We found that transiently inhibiting activity of these neurons in the dorsal striatum of rats interfered with the acquisition of lever pressing for a sugar reward (see Figure 1 ), indicating that activation of the striatonigral pathway is required for action-outcome learning. This data suggests that dysregulation of striatal circuits may therefore contribute to the development of the aberrant reward and reinforcement learning that is common to many neuropsychiatric disorders.
Increasingly selective pharmacological ligands have not necessarily improved the efficacy of drug treatments for neuropsychiatric disorders. Although safe and effective viral vectors for delivery of engineered receptors into humans still need to be refined, these tools may provide a distinct alternative to the currently available brain stimulation methods that are being used in the treatment of neuropsychiatric disorders. Thus, in addition to allowing us to parse the contribution of specific neural circuits in behaviors, perhaps engineered receptors may one day also offer the opportunity to provide therapeutic value without the 'dread'-ed side effects. ....................................................................................................................................................... ............................................................. (Heidbreder and Newman, 2010) . The rationale for developing D 3 receptor-selective treatment candidates has been strengthened by evidence suggesting a history of cocaine use dynamically impacts D 3 receptor expression and activity. The recent development of highaffinity D 3 receptor-selective compounds and the validation of agonistelicited yawning as a D 3 -specific unconditioned behavior (Collins et al, 2007) have provided an experimental framework for the examination of the relationship between cocaine exposure and D 3 receptor function. One strategy for drug development is the use of partial agonistsFcompounds with less functional activity than full agonists in vitro. However, a limitation of this approach has been an inability to identify agonist actions of partial agonists in vivo. We recently reported that the partial agonist CJB090 and D 3 receptor-selective compound PG619 elicited yawns similar to that of the D 3 agonist quinpirole in monkeys with an extensive history of cocaine self-administration, while displaying no agonist-like activity in drug-naïve controls (Blaylock et al, 2011) . This finding suggests that D 3 receptors may be functionally sensitized in response to chronic cocaine, thus differentially affecting the in vivo profile of low-efficacy D 3 compounds. Although CJB090 and PG619 appeared to function as full agonists when measuring an unconditioned behavior (yawning), neither drug elicited reinstatement of cocaine seeking in these same monkeys, whereas quinpirole did. These findings suggest that D 3 receptors contribute differentially to the multitude of behavioral effects associated with cocaine use.
Several key findings have suggested that cocaine-induced alterations to D 3 receptors may persist and become more pronounced even after withdrawal from cocaine exposure. Using the behavioral sensitization paradigm, Collins et al (2011) reported progressive enhancements in agonist-elicited yawning in rats exposed to non-contingent cocaine injections for a 7-day period. These increases continued over the 42-day study and were associated with higher D 3 receptor binding as determined with in vitro receptor autoradiography. Interestingly, exposure to cocaine in utero has also been shown to influence D 3 receptor activity well into adulthood, as monkeys gestationally exposed to large amounts of cocaine displayed greater responses to quinpirole-elicited yawning than control monkeys up to 13 years after their prenatal cocaine exposure (Hamilton et al, 2010) . Collectively, these findings suggest that cocaine exposure has long-lasting impacts on D 3 receptor activity and expression.
As it relates to cocaine self-administration, we recently began studies using a food-drug choice self-administration paradigm and found that PG619 treatment reduced cocaine self-administration, which was enhanced with continued PG619 administration. Although there have not been clinical trials reported with partial D 3 receptor agonists, D 3 receptor antagonists are currently being examined in phase I and II clinical trials for treatment of addictionrelated disorders, including tobacco dependence and obesity (NIDA, 2000) . The evidence described above strongly demonstrates a relationship between cocaine exposure and D 3 receptor alterations, and encourage clinical investigation of D 3 partial agonists and antagonists for cocaine addiction treatments.
